Introduction
T his introduction provides the theoretical context and empirical background of the research presented in the article. A critical summary of geographic, institutional, and genetic explanations for differences observed in nations' wealth is followed by a presentation of evidence on absolute latitude's influence on cognitive ability and wealth and the likely mediating role of UV radiation. Then, study objectives in reference to the specific case of Peru are delineated incorporating altitude as a likely co-determinant and differentiating the Amazonía from the remainder of Peru. The terms intelligence, IQ, cognitive ability, and math and reading scores are used interchangeably based on Rindermann's [80] demonstration that IQ scores and scores from standardized student evalu-ations measure the same construct between nations.
Geographic, Institutional, and Genetic Explanations of Country Development
The negative consequences of tropical climate for nations' wealth were insightfully addressed by Kamarck [33] . His reasoning suggested that "the adverse effect of tropics arises largely from (a) erratic patterns of tropical rainfall that can play havoc with agriculture; (b) continuous heat and absence of frost that lead to a large variety of weeds, insects, fungi, and other microbes that affect both crops and human life; (c) the consequent abundance of various types of enemies of agriculture; (d) tremendous human health hazards and the associated low productivity, and depressed rates of human and nonhuman capital accumulation; (e) poor quality of tropical soils; and (f) difficulty of finding natural resources" [79] . The relationship between geography and wealth became more precise when economists started using absolute latitude (AL) [36] , i.e., distance from the equatorial line, in their research. Ram [78, 79] and Sala-i Martin [87] demonstrated between countries and/or within the United States that income increases with distance from the equator and other studies upheld this relationship using diverse economic indicators [7, 13, 22, 23, 65, 67, 70, 72, 90] . Important empirical confirmations of Kamarck's ideas emerged in the late 1990s and early 2000s and the effects of tropical climate on disease environment and of the latter on economic development appeared to have been well established [5, 8, 12, 24, 88, 89] .
In parallel, however, history had become an alternative source of explanations and finally displaced geography in research on economic development [71] . Hall and Jones [30] , utilizing instrumental variables, showed that between-country variation in worker productivity was explained by the dissemination of such institutions as rule of law and economic freedom from Western Europe. More to the point, Acemoglu, Johnson, and Robinson [1] argued that the latitude-wealth relationship was spurious. According to their influential paper, the differences in wealth among developing countries started in colonial times. "Europeans adopted very different colonization policies in different colonies, with different associated institutions. The choice of colonization strategy was, at least in part, determined by whether Europeans could settle in the colony. In places where Europeans faced high mortality rates, they could not settle and they were more likely to set up worst (extractive) institutions. These early institutions persisted to the present" [1] . These researchers reported that African countries did not present lower incomes nor AL predicted wealth if the effects of rule of law and other economic and political institutions were controlled. Jeffrey Sachs judged Acemoglu et al's instrumental-variable estimates to be biased [71] and showed that the prevalence of malaria predicted wealth regardless of institutions [88] , but most of the published economic-development research aligned with the historicist view [14, 18, 71, 72, 77, 85] .
León [42] criticized the lack of parsimony of the historicist explanations of nations' wealth using as example the fact that "free-city formation in Northern Italy in the Middle Ages [29] or ancient immigration from Northern Africa [58] , regarded as causes of the current latitudinal gradient of wealth observed in Italy, cannot explain the (dependence of wealth on AL) seen in Brazil [76] , China [15] , the United States [79] , or Western Europe as a whole." Research interest in the economic effects of temperature has been revived and has produced evidence that mean temperature and deviations from the biological optimum have economic consequences [10, 17, 31] . Furthermore, Andersen, Dalgaard, and Selaya [2] showed across 147 countries that absolute latitude and UV radiation explain country wealth. León [47] , considering that an overwhelming majority of the 66 ex colonies used as units of analysis in the Acemoglu et al. study were located close to the equator, constructively replicated their research using a more heterogeneous group of countries that included nations closer to the poles which were not colonies at least since 1500 AD. Analyzing data from 96 countries, León [47] demonstrated that rule of law, government effectiveness, and economic freedom behave as net dependent variables of UV radiation, both directly and through country wealth. It is surprising that more than 15 years had to elapse until the erroneous conclusions of Acemoglu et al. [1] were so clearly contradicted by the evidence.
On the other hand, evolutionary psychologists addressed the topic with a singular view of country development. Inherited intelligence, not geography, would be the direct source of nations' wealth [61, 62] . According to Lynn [56] , the dark-skinned H. sapiens who stayed in the tropics (e.g., Sub-Saharan Africans) or returned to the tropics after a stay of some millennia at high latitudes (e.g., Peruvians) did not face the opportunities for cognitive growth that the predictable harsh winters of temperate regions afforded to the cousins who established in Europe and Northeast Asia about 40,000 years ago, remained there, and became light-skinned. Such winters would have exerted cognitive demands for survival that resulted in the millenary evolvement of higher levels of intelligence; in this view, the less intelligent humans, unable to anticipate the need for securing warming clothes, adequate food, and safe refuge for the septentrional winter, died early and did not pass their genes into the future; consequently, the average IQ increased. The cognitive capitalism perspective assumes that, presently, cognitive ability determines wealth through the mediation of technology and institutions and disregards contemporary geography as a possible cause [81] [82] [83] . This view was also challenged in León's [49] study; using structural equation modeling (SEM), he showed that, when the effects of AL and education and health are taken into account, IQ becomes unrelated to wealth and wealth determines institutions rather than the other way around.
The Possible Role of UV Radiation
Cognitive ability declines with proximity to the equator between countries [53, 63] and within such countries as Italy [58] , Japan [35] , Peru [44, 51] , Russia [28] , Spain [59] , Sudan [3] , the United States [20, 45, 46, 74, 86] , and Vietnam (Kirkegaard & Pesta, 2018), although not in Turkey [60] nor India [64] . The exceptions may be accounted for by the greater longitudinal than latitudinal extension of Turkey and the fact that Mus-lims, whose IQ is lower than the IQ of followers of other faiths [57, 92] , are more concentrated in the northern regions of India (Basant & Shariff, 2010). León [48] has explained why the AL-wealth and AL-IQ relationships may not hold above 52 o N or S and prior to the 20 th century.
Lynn [58] attributed the latitude-IQ correlation observed in Italy to Middle European versus Mediterranean genes, but was refuted [4, 49] . Rindermann, Woodley, and Stratford [84] analyzed haplogroups across Europe, but the latitude-IQ r transcends genetic distance from South Africa [53] . Even more damaging to the geneticist and cognitive capitalism views is the fact that neither evolutionary nor institutional concepts are able to account for the consistent AL-cognitive ability r found in the megathermal Amazonía of Peru [51] . On the other hand, UV radiation can explain the specific phenomenon on the basis of its strong negative correlation with AL.
UV radiation emerged as a possible encompassing determinant of human behavior when León [41] appealed to this variable to account for the north-south gradients of married [37] and unmarried women's fertility desire [37] visà-vis women's domestic power [40] observed in Peru. Since UV photons increase production of vitamin D [34] and this, in turn, increases production of sexual hormones [32] , men would be more masculine and women more feminine closer to the equator; this would explain why women are more comfortable with the dependent roles of wife and mother in northern Peru and exhibit greater domestic power in southern Peru. The greater consumption of tobacco, alcohol, and coca leaf in southern than northern Peru [39] was explained by León [43] taking into account that vitamin D also increases production of dopamine, "the neurotransmitter of happiness". He predicted and confirmed empirically a similar gradient of domestic violence; the more positive emotions of northern Peruvians would limit the emergence of domestic violence closer to the equator. Increased dopamine would also affect cognitive growth by inducing play rather than study [51] . Having established, against conventional economic wisdom, that southern Peruvians have greater household assets and education levels than northern Peruvians, León [42] considered Lynn and Vanhanen's [61, 62] notion that wealth is determined by intelligence. He theorized that the discovered AL-wealth relationship in Peru could be explained by negative effects of UV radiation on cognitive ability considering that larger families (promoted by greater sexual activity under intense UV radiation) are associated with children's diminished access to adult minds [94] , decreased educational opportunities [9] , and consequent lower IQ [6] . In an analysis of 24 Peruvian regions, León [44] showed that birth rate mediated the increasing reading comprehension and math achievements of children in 2 nd grade of primary instruction from north to south and then León and Burga León [51] , in a more thorough study of standardized student evaluation scores which encompassed 1479 districts, confirmed the trend. The heuristic power of the emerging theory was shown when León [45] , considering UV radiation patterns, predicted and confirmed greater math and reading scores in the eastern than western United States.
But there is an alternative hypothesis for the AL-IQ correlation which considers infectious diseases, more frequent closer to the equator. Eppig et al. [21] assumed that the human immunological system needs energy to fight infections and, when these occur in childhood, the system takes energy from the developing brain, thus impairing cognitive growth; these researchers supplied confirmatory data from the United States. However, León [46] , in the same country, showed that the effects of AL on math and reading scores transcend the effects of infectious diseases and León and Hassall [55] , using direct measurements of UV radiation, demonstrated that the effects of the UV Index on the cognitive ability of White children transcend the effects of both infectious diseases and temperature. Moreover, in the latter study, the AL-cognitive ability r was absent among African American and Hispanic children, plausibly because their high levels of skin melanin absorb and dissipate light.
Yet, some recent findings present contradictions. León and Burga-León [49] , using SEMs, found satisfactory model adjustment for a UV Index → cognitive ability → income linkage (see American Model in Figure 1 ) but not for a UV Index→ income → cognitive ability linkage in a study of the 48 contiguous states of the United States. This evidence was understood considering that the generation of wealth requires able individuals capable of developing science and technology, designing and implementing innovations in economic life, and effectively managing production and service units. On the other hand, a study of 21 regions and provinces of Italy which addressed a socioeconomic latent variable defined by per capita GDP, education, and unemployment revealed a solar radiation → socioeconomic factor → cognitive ability SEM (Italian Model of Figure 1 ) with positive indicators of model adjustment that were absent in the case of a solar radiation → cognitive ability → socioeconomic factor SEM [49] . The results were understood considering that UV radiation causes cell oxidative stress [68] , which has been associated with the presence of fatigue in humans [93] ; the interpretive hypothesis that explained the findings was that repeated exposure to high UV radiation impairs industriousness, a component of conscientiousness, one of the Big Five personality factors [16] . If southern Italians are less industrious, it is only logical that they are also poorer. As for the second leg of the linkage, psychological research has shown a strong influence of parents' socioeconomic status on children's IQ [69] and that poverty itself reduces cognitive capacity because poverty-related concerns consume mental resources, leaving less for other tasks [66] . The difference observed with respect to the American findings suggested that social mobility based on ability prevails in the United States whereas a more rigid social structure prevails in Italy. Finally, a study of 96 countries yielded the World model of Figure 1 . In that study, the SEM that best fitted the structure of the data posited education and life expectancy as mediators of the effects of AL on country income, on one hand, and cognitive ability, on the other [47] . Institutional strength emerged as a net dependent variable. 
Research Questions
Foreign Models. Which of the three geographic models of national development does best describe the situation of Peru? Answers to this question were needed on two grounds. First, there was an interest in generating evidence with the potential to clarify the theoretical issue, that is, determine the circumstances leading to the prevalence of one model vis-à-vis another. Second, the findings could help Peruvians to better understand the processes of national development of their country. 
Role of Altitude.
A study with these purposes and set in Peru could not ignore altitude above sea level. Peru, and not only its Amazonian region, would be an entirely tropical country if the Andean mountains and Humboldt marine current did not exist. The latter brings cold into the Peruvian coast and altitude above sea level does in a large part of the national territory (see topographic map in Figure 2 ). However, UV radiation behaves differently in the two settings. Clouds over the Peruvian coast filter UV photons whereas altitude increases exposure to them [34] . This is why León and Avilés [46] hypothesized that birth rate mediates the negative effects of altitude on intelligence noticed by León and Burga León [51] : the higher the altitude, the greater UV radiation, vitamin D, sexual hormones, and family size and, hence, the lower the opportunities for children's cognitive growth. It is well established that estrogen and testosterone increase with altitude [25] [26] [27] and, consequently, total fertility rate is greater in the sierra zones than the coast of Peru [19] . León and Avilés [50] confirmed the mediation of birth rate, discarded lack of oxygen as a cause of lower intelligence at high altitude, and also found evidence suggesting that rugged terrain impairs intelligence by making economic activities more difficult; that is, people at high altitude are less intelligent not only because of their large families but also because they are poorer. The second research question of the present study was whether a combination of AL with altitude would improve the predictive power of the foreign development models.
The Case of the Amazonía. But things are seldom simple in Peru. León and Avilés [50] reported that the relationship between AL and cognitive ability was moderated by habitat: the r was negative in most of Peru but positive in the Amazonía. This region encompasses Loreto, Ucayali, and Madre de Dios as well as parts of adjoining political regions (see center map in Figure 2 ). Considering evidence on the high rate of infectious diseases in the lower Amazonía [11, 73, 95] and Eppig et al.'s [21] hypothesis concerning negative effects of infections on children's cognitive growth, León and Avilés [50] attributed the positive effects of altitude on cognitive ability found in this region to the prevalence of infectious diseases in the lower Amazonía and its decreasing prevalence with altitude in that region.
The third question that animated the present research was whether AL + altitude yields positive outcomes in the Amazonía (that is, the higher the absolute latitude and the higher the altitude, the better the socioeconomic and cognitive outcomes) whereas AL -altitude does in the largest part of Peru (that is, the higher the absolute latitude and the lower the altitude, the better the socioeconomic and cognitive outcomes). León and Avilés [50] did not deal with the American, Italian, and World models of cognitive and socioeconomic development.
Method
The study used a data set in the public domain created by León and Burga León [52] .
Subjects
The data set has at its nucleus the 2011 national census of children in 2 nd grade of primary instruction of the Ministry of Education of Peru (N = 506,345). The students were part of schools, the schools were in some cases part of towns, and the towns were part of districts. The units of observation and analysis for the present study were the 1468 districts which satisfied the Ministry's sampling standards (at least 90% of schools accessed and 80% of students tested) and had average data on all the study variables.
Measurements
Cognitive Data. The children responded to questions entailing mathematics and reading comprehension. The reliabilities of the summed scores were α = .89 and α = .87, respectively. Math and reading correlated . 89 .
AL and Altitude. The AL and altitude of the town with the greatest student population within a district were assigned to the district. The measurements were obtained from the website of the Ministry of Education.
Socioeconomic Variables. Three indicators from the Peru 2009 Human Development Report [75] were used. Per capita family income actually refers to expenses in national currency. Educational achievement is an average of literacy and school attendance by the population between 5 and 18 years of age. Life expectancy was calculated considering infant mortality rates.
Analytic Strategy
Data were analyzed separately in the Amazonía and the remainder of Peru. The Amazonía ranges from 1 up to 600 meters above sea level and comprises four humid-megathermal climates represented by the rightmost areas of the climatological map in Figure 2 . Owing to difficulties for agriculture, this region is under-populated, over-urbanized, and poorly connected with the rest of the country. AL and altitude standardized scores were combined as follows:
Equation 1 was designed for use with Amazonía data and Equation 2 for use with the remainder of Peru. Path analyses with bootstrapping were used in testing the models. The adjustment criteria for the models were the conventional χ2/df < 2 or 3, SRMR < .08, CFI > .95, and RMSEA < .08 [91] . Table 1 presents descriptive statistics for the Amazonía and Remainder of Peru. Compared to the latter, the Amazonía is closer to the equator; lower in altitude, cognitive ability, and life expectancy; higher in income and education; and more homogeneous in all the variables. Table 2 shows the inter-correlations between the study variables within each 
Results

Foreign Models
The first study question had to do with the validity of the American, Italian, and world development models in Peru. It can be seen in Figure 3 that only the American Table 2 .
Model replicated well in the Amazonía; cognitive ability is an average of math and reading standardized scores. The Italian Model presented satisfactory adjustment criteria in remainder of Peru, but the effects of AL on education and income were not significant. Results for the World Model are shown in Figure 4 ; this model did not work well in either setting. Evidently, a developmental model oblivious to altitude is destined to failure in Peru, except in a region with low altitudes such as the Amazonía. Table 2 . Figure 5A depicts the regression of cognitive ability scores on AL having administrative regions as units of analysis. The regression is clearly positive in the case of Peru as a whole, the coastal administrative regions (circles), and the Amazonía (rhombuses), but not in the heterogeneous remainder of the country (rectangles). In the case of the regression of cognitive ability on altitude ( Figure 5B ), the sign is negative for Peru as a whole, the coastal administrative regions, and the remainder of the country, but is positive for the Amazonía. The regression of cognitive ability on Equation 2 ( Figure 6A ) was steeper than that on absolute latitude alone; among other changes, Metropolitan Lima and Callao moved closer to the regression line. An even steeper regression line was obtained when altitude was weighted double than absolute latitude and the Amazonía was treated with Equation 3 and the remainder of Peru with Equation 4 ( Figure 6B ). 
Combinations of Absolute Latitude and Altitude
Peruvian Models of Development
Several ad hoc models were tried using equations 3 (Amazonía) and 4 (Remainder of Peru). The upper panels of Figure 7 depict the most successful models. Since the model for Remainder of Peru did not meet the model adjustment standards, equations 1 (Amazonía) and 2 (Remainder of Peru) were tried (see lower panels of Figure 7 ). Whereas the results for the Amazonía changed little, those for Remainder of Peru achieved more satisfactory levels of adjustment. Entering separately education and life expectancy in the equations deteriorated adjustment of the statistical model (not shown).
Figure 7. Path coefficients connecting absolute latitude and altitude with complex cognitive ability, per capita income, and education + life expectancy (Ad Hoc Models)
in Peru, per setting Note: In the upper panels, absolute latitude is weighted 0.5; in the panels below, it is not. Significance levels like in Table 2 .
Discussion
Different models explain development in the Peruvian habitats addressed. The American Model explained the case of the Amazonía: reading and math abilities were affected by AL in this habitat and, in turn, affected wealth. León and Burga León [51] noted that: "(In the Amazonía), birth rate's effects on (cognitive ability) were greater than those seen in the other Peruvian regions…, which suggests that the negative cognitive effects of family size are intensified under strong UV B radiation. The Amazonía is the Peruvian region closest to the equator and, given its high temperature, its residents wear slight clothing and expose large parts of the body to sunlight all year round. Regional stereotyping of Amazonians in Peru, pointing to sexual hyperactivity and promiscuity, suggests deficits of parenting, which could help explain an incongruous finding of the study: whereas the Amazonía occupied an intermediate position between the rich coast and poor remainder of the country in social development, it fell behind the latter in (cognitive ability)… Consistent with the emerging explanatory hypothesis on parenting, the effects of birth rate on (cognitive ability) decayed from northern to central to southern latitudinal segments when we divided the Amazonía into three equal parts."
The American Model specifies positive effects of AL on cognitive ability and implies high social mobility based on personal ability. Sociological studies comparing the social mobility of the Amazonía with the remainder of Peru are needed to confirm this interpretive hypothesis.
A comparison of Figure 3 with Figure 7 shows that the path coefficients and indicators of model adjustment in the Amazonía improved when the American model was combined with altitude and incorporated education and health. Since infectious diseases decrease with altitude in the Amazonía, the improvement of the statistical model can be interpreted along Eppig et al.'s (2009) conception that child infections interfere with cognitive development. That is, the negative cognitive effects of infectious diseases in childhood would add to the impairment of cognitive ability caused by the larger families and deterioration of parenting under greater exposure to UV radiation. On the other hand, the Peruvian development models designed for the Amazonía (upper and lower leftmost panels of Figure 7) presented a negative relationship between AL + altitude and education + life expectancy. This may reflect the concentration of more and better educational and health services in the larger cities of the northern than southern Amazonía (Iquitos/Loreto, pop. 437376; Pucallpa/Ucayali, pop. 211651; Puerto Maldonado/Madre de Dios, pop. 74494). More generally, the Amazonian findings help to understand the poor GDPs of Sub-Saharan African countries, exposed to strong UV radiation and high rates of infectious diseases and, consequently, characterized by very low IQs [63] . They also suggest straightforward remedies both for the Amazonía and Sub-Saharan Africa: reduced exposure to UV radiation, more effective use of contraceptive methods, and control of infectious diseases. This should immediately improve the cognitive growth of children. It can be expected that, as adults, they will become richer and, as authorities, contribute to the improvement of education and health.
The American Model failed to explain the situation of Remainder of Peru and both the Italian and World models failed in both habitats (Amazonía and Remainder of Peru). However, inclusion of altitude with inverted sign and equal weight as AL in the World Model yielded a statistically satisfactory model in Remainder of Peru (Figure 7) . León & Burga-León [54] interpreted the World Model considering that the effects of absolute latitude on education/ health can be understood considering the possible mediation of the oxidative stress caused by UV radiation:
"The free radicals associated with cell oxidative stress have been implicated in the pathology of several human diseases, including cancer, atherosclerosis, malaria, rheumatoid arthritis, and neurodegenerative diseases (Aruoma, 1998) . Rate of disease has been shown to impair CCA (Daniele & Ostumi, 2013)… Disease is also likely to cause desertion from school (and) impoverish educational achievements…" It seems only logical that people close to the equator are less healthy and less educated. The creation of wealth demands healthy and educated economic agents, and the growth of cognitive ability is impaired by deficits in education [69] . Moreover, energetically costly infectious diseases of the child impair cognitive growth.
Conclusions
An AL -altitude → education + life expectancy → wealth and cognitive ability chain of effects explains development among an overwhelming majority of the population of Peru. It should be noted, however, that the impact of AL -altitude on education + life expectancy in Remainder of Peru was weaker than that of AL + altitude on cognitive ability in the Amazonía. The interpretation proposed here is that the latter entails contemporary effects of AL + altitude whereas the former involve historical, cumulative effects of AL -altitude. In other words, the effects of geography in the Amazonía would be visible in one generation whereas those in Remainder of Peru would require several generations. Changes in the life expectancy of a population and in the rates of educational achievements take a time to materialize and are probably related to culturally determined ways of life with impacts on health as well as to the educational aspirations of society. The results of the present study highlight the importance of health and education in the causation of wealth and cognitive ability in Peru. On the other hand, AL simultaneously affected cognitive ability directly, though somewhat weakly. This may reflect a contemporary effect.
